•-generating system, dramatically increased ASM activity and LR clustering in EC membrane and enhanced FasL-induced LR clustering, which were blocked by SOD. These results suggest that that ASM activates LR clustering to form redox signaling platforms, where O 2 -• production enhances ASM activity, and thereby results in a forwarding amplification of LR and redox signaling. This ASM-mediated feedforwarding mechanism may be critical for an efficient transmembrane signaling through LRs. Antioxid. Redox Signal. 9, 000-000.
INTRODUCTION T
HERE IS INCREASING evidence that clustering of distinct cholesterol-and sphingolipid-rich membrane rafts [lipid rafts (LRs)] is importantly involved in transmembrane signaling in a variety of mammalian cells (10, 22, 23, 34) . Many receptors including tumor necrosis factor ␣ (TNF-␣) receptors, Fas, DR3, 4, 5, insulin receptors, and integrins, as well as other signaling molecules, can be aggregated within the LR clusters to form signaling platforms (6, 13, 27, 44) . The formation of these LR signaling platforms with aggregation of different signaling molecules may represent one of important mechanisms determining the variety of transmembrane signaling, and it also robustly amplifies signals from activated receptors. Previous studies have reported that the formation of LR signaling platforms in the cell membrane has been implicated in the regulation of cell or organ functions through its effect on various biological processes including cell growth, differentiation and apoptosis, T-cell activation, tumor metastasis, and neutrophil and monocyte infiltration (17, 33, 44) . Recently, we reported that LR clustering importantly participates in the development of endothelial dysfunction in coronary arteries, which is associated with the formation of LR redox signaling platforms (44) . These signaling platforms in the membrane of coronary arterial endothelial cells (CAECs) are characterized by gp91 phox and p47 phox aggregation in LR clusters and enhanced NAD(P)H oxidase activity, when the cells were stimulated by different death receptor ligands. However, the mechanism mediating the formation these endothelial LR redox signaling platforms remains unclear.
Fas ligand (FasL) primarily activates acid sphingomyelinase (ASM), rather than neutral sphingomyelinases (NSM), and that activation of ASM is importantly involved in the development of endothelial dysfunction (42) . The present study hypothesized that ASM is a key enzyme responsible for the formation of LR redox signaling platforms in coronary endothelial cells. In this way, ASM or its product, ceramide, initiates or promotes the formation of LR platforms by formation of ceramide-enriched microdomains. These ceramide-enriched microdomains could spontaneously fuse to form larger ceramide-enriched platforms or clusters under certain conditions (13, 14, 17, 18) , where NADPH oxidase is assembled to produce redox molecules (44) . On the other hand, recent studies have shown that O 2
•-or other ROS can also alter ceramide level in cells through their action on sphingomyelinase (SM) and ceramidase (1, 26, 31) . It would be interesting to know what are the relationships between both signaling pathways and how they influence each other. A recent study has reported that ASM may be dimerized and thereby largely activated by oxidants (31) . This led us to wonder whether there is a feedforwarding mechanism through ASM in the endothelial LR redox signaling platforms, where O 2
•-enhances AMS activity and further promotes LR clustering, resulting in intrinsic signaling amplification in the platforms.
To test this hypothesis, we first determined the role of ASM in LR clustering and associated trafficking or aggregation of Fas and NAD(P)H oxidase subunits, gp91 phox and p47 phox . Then we tested whether a redox feedforwarding mechanism via ASM is involved in the formation of these LR redox signaling platforms.
MATERIALS AND METHODS

Cell culture
Fresh bovine hearts were obtained from a local abattoir and were immediately transported to the laboratory. The epicardial circumflex and anterior descending coronary arteries were quickly dissected and placed in RPMI 1640 supplemented with 5% fetal calf serum (FCS), 2% antibiotic-antimycotic solution, 0.3% gentamycin, and 0.3% nystatin, and cleaned of surrounding adherent fat and connective tissue. The lumen of arterial segments was filled with 0.25% collagenase A in RPMI 1640 supplemented with 0.1% bovine serum albumin (BSA) and incubated at 37°C for 15-30 min. The arteries were then flushed with RPMI 1640 supplemented with 2% antibiotic-antimycotic solution, 0.3% gentamycin, and 0.3% nystatin. Detached bovine CAECs were collected and maintained in RPMI 1640 supplemented with 20% FCS, 1% glutamine, and 1% antibioticantimycotic solution at 37°C in 5% CO 2 . CAECs were identified by morphological appearance (i.e., cobblestone array) 2 ZHANG ET AL.
and by positive staining for von Willebrand factor antigen. All biochemical studies were performed using CAECs of two to four passages.
RNA interference
Small interference RNAs (siRNAs) were purchased from Qiagen. The DNA target sequence for ASM-siRNA is: 5Ј-AAGGCCGTGAGTTTCTACCT-3Ј and for NSA-siRNA is: 5Ј-AAGCGCTGGGAGACTTTCTA3Ј. The scrambled small RNA (AATTCTCCGAACGTGTCACGT) has been confirmed as nonsilencing double-stranded RNA and was used as control in the present study. In these experiments, siRNA transfection was performed according to the manufacturer's instruction in Qiagen TransMessenger kit. All siRNAs were chosen with a Qiagen siRNA design program and synthesized by Xeragon. The transfection efficiency was examined by a parallel transfection using a scrambled mRNA labeled with fluorescein and detection of mRNA and protein expression levels of targets.
RNA isolation and real-time RT-PCR analysis
Total RNA was isolated from ECs using TRIzol reagent (GIBCO, Life Technologies, Carlsbad, CA) according to the protocol described by the manufacturer. The mRNA levels for target genes were analyzed by real-time quantitative RT-PCR using a Bio-Rad iCycler system (Bio-Rad, Hercules, CA) according to the protocol described by the manufacturer. The mRNA levels of ASM and NSM were normalized to the 18S mRNA. Primers for ASM are: (forward) 5Ј-CC-GAGA CACCCAATCAGATAGC-3Ј and (reverse) 5Ј-CAGGTCAGAGATGTGCCAGAAC-3Ј. Primers for NSM are: (forward) 5Ј-CATGATGCCTATACTGGAGACC-3Ј and (reverse) 5Ј-CATGATGCCTATCT GGAGACC-3Ј. Primers for 18S are: (forward) 5Ј-GCGCTAGACTCCGAGAACAT-3Ј and (reverse) 5Ј-TGGCCA CTTACTACCTGACC CTT-3Ј.
Sphingomyelinase assay
The activity of sphingomyelinase was determined as reported (40) . Briefly, N-methyl-[ 14 C]-sphinomyelin was incubated with cell homogenates, and the metabolites of sphingomyelin, [ 14 C]-choline phosphate and ceramide, were quantified. For ASM, an aliquot of homogenates (20 µg) was mixed with 0.02 µCi of N-methyl 14 C-sphingomyelin in 100 µl acidic reaction buffer containing 100 mmol/L sodium acetate, and 0.1% Triton X-100, pH 5.0, and incubated at 37°C for 15 min. The reaction was terminated by adding 1.5 ml chloroform:methanol (2:1) and 0.2 ml double-distilled water. The samples were then vortexed and centrifuged at 1,000 g for 5 min to separate into two phases. A portion of the upper aqueous phase containing 14 C-choline phosphate (ceramide in lower organic phase) was transferred to scintillation vials and counted in a Beckman liquid scintillation counter. The choline phosphate formation rate (pmolиmin -1 иmg protein -1 ) was calculated to represent the enzyme activity.
Ceramide assay
Lipids from CAECs were extracted as described previously (42) . DAG kinase assay was used in this study to measure the AQ 1. Please provide location (city, state/ country) for Qiagen.
AQ2. Please provide location of Xeragon.
ceramide level as reported (40) . Briefly, the dried lipids were solubilized into a detergent solution containing 7.5% n-octyl-␤-D-glucopyranoside, and 5 mmol/L cardiolipin in 1 mmol/L diethylenetriaminepentaacetic acid (DETAPAC) solution, and then mixed with 4 g DAG kinase (Calbiochem) and 4 Ci [␥- 32 P] ATP to a final volume of 100 l. After incubation at 25°C for 3 h, the reaction was stopped by extracting the lipids with 600 l chloroform:methanol (1:1, v/v), 20 l 1% perchloric acid, and 150 l 1 mol/L NaCl. The lower organic phase was recovered and dried with N 2 . The 32 P-labeled Cer-1-P was separated from other lipids by thin layer chromatography (TLC) with a solvent consisting of chloroform:acetone: methanol:acetic acid:water (10:4:3:2:1, v/v/v/v/v). After visualization by autoradiography, the ceramide-1-32 P band was recovered by scraping and counted in a scintillation counter. The phosphorylation of C 6 -ceramide as an internal control was determined in parallel. The identity of ceramide was confirmed by HPLC analysis as reported previously. The ceramide concentration was calculated and normalized to the internal control C 6 -ceramide.
Immunofluorescence analysis of LR clusters in CAECs
Individual LRs are too small (~50 nm) to be resolved by standard light microscopy, however, if raft components are crosslinked in living cells, clustered raft protein and lipid components can be visualized by fluorescence microscopy. For microscopic detection of LRs platforms, CAECs were grown on glass coverslips, transfected with siRNA as described above and treated with 10 ng/mL FasL for 15 min (Upstate) to induce clustering of lipid rafts. Cells were then washed in cold PBS and fixed for 15 min in 1% paraformaldehyde (PFA) in PBS, and blocked with 1% BSA in cell culture medium for 30 min. G M1 gangliosides enriched in LRs can be stained by FITC-labeled cholera toxin (FITC-CTX, 1 µg/ml, 15 min; Molecular Probes). Cells were extensively washed in cold PBS, fixed in 1% PFA for another 10 min, and mounted on glass slide with VECT-SHIELD mounting media (Vector Laboratories, Inc.). Staining was visualized using a conventional Zeiss fluorescence microscope or a Leica TCS SP2 scanning confocal microscope. The patch formation of FITC-labeled CTX and gangliosides complex represented the clusters of lipid rafts. Clustering was defined as one or several intense spots of fluorescence on the cell surface, whereas unstimulated cells displayed a homogenous distribution of fluorescence throughout the membrane. In each experiment, the presence or absence of clustering in samples of 200 cells was scored by two independent observers. Results are given as the percentage of cells showing a cluster after the indicated treatment as described.
Isolation of LR-microdomains by gradient centrifugation
Cells were lysed in 1.5 ml MBS buffer containing (in mmol/L) morpholinoethane sulfonic acid, 25; NaCl, 150; EDTA, 1; PMSF, 1; Na 3 VO 4 , 1, and a cocktail of "complete" protease inhibitors (Roche) and 1% Triton X-100, pH 6.5. Cell
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extracts were homogenized and LR microdomains were isolated as described previously (44) .
Western blot analysis
For immunodetection of LR-associated proteins, 50 µl of resuspended proteins were subjected to SDS-PAGE (12% running gel), transferred onto a nitrocellulose membrane, and blocked as described (41) . The membrane was probed with primary monoclonal antibodies: anti-␤-actin, anti-flotillin-1, anti-gp91 phox , anti-p47 phox (1:1,000, BD Biosciences), antiFas (1:1000, Upstate) or polyclonal antibody: anti-ASM or anti-NSM (1:1000, Santa Cruz) overnight at 4 o C, followed by incubation with horseradish peroxidase-labeled anti-mouse or anti-rabbit IgG (1:5000). The immunoreactive bands were detected by chemiluminescence methods (ECL, Pierce) and visualized on Kodak Omat film.
NADPH oxidase activity
The measurement of O 2
•-by ESR was followed as in our previous studies (46) . Gently collected endothelial cells were suspended in modified Kreb's/HEPEs buffer containing 25 µmol/l of the metal chelator deferoximine. Approximately 1 ϫ 10 6
CAECs were mixed with 1 mmol/L spin trap 1-hydroxy-3-methoxycarbonyl-2, 2,-5, 5-tetrame-thyl-pyrrolidine (CMH) in the presence or absence of 100 units/ml polyethylene glycol (PEG)-conjugated superoxide dismutase (SOD). The cell mixture loaded in glass capillaries was immediately analyzed by ESR (Noxygen Science Transfer & Diagnostics GmbH, Denzlingen, Germany) for production of O 2
•-at each minute for 10 min. The ESR settings were based on our previous studies. Next we analyzed the NADPH oxidase activity present in LR fractions from control and transfected cells by fluorescent spectrometry of DHE oxidation and DNA binding. Briefly, 50 µl of LR fractions were incubated with 100 µmol/L DHE and 0.5 mg/ml salmon test DNA (binds ethidium to amplify fluorescence signal) in 200 µl of PBS. NADPH (1 mmol/L) was added immediately before recording ethidium fluorescence by a fluorescence microplate reader (FLX800, Bio-Tek). The ethidium fluorescence increase (arbitrary unit) was used to represent NADPH oxidase activity (40, 44) .
Statistics
Data are presented as means ± SE. Significant differences between and within multiple groups were examined using ANOVA for repeated measures, followed by Duncan's multiplerange test. Student's t-test was used to evaluate the significant differences between two groups of observations. P < 0.05 was considered statistically significant.
RESULTS
Effect of ASM gene silencing on FasL-induced ASM activation and increase in ceramide production in CAECs
To determine the efficiency of ASM gene silencing, ASM mRNA and protein expression levels were analyzed. As Figure 1A , real time RT-PCR analysis revealed that ASM mRNA level was decreased by 86% in ASM-siRNA transfected CAECs, while Western blot analysis revealed that ASM protein levels were reduced by 75% in ASM-siRNA transfected cells after normalized to ␤-actin (Figs. 1B and 1C) . In contrast, ASM mRNA and protein levels were not reduced in scrambled small RNA transfected CAECs. Similar efficiency was obtained for silencing of NSM in CAECs. It was found that that NSM mRNA level was decreased by 76% in NSM-siRNA transfected CAECs. Western blot analysis revealed that NSM protein levels were reduced by 72% in NSM-siRNA transfected cells (data not shown).
We also examined whether FasL-stimulated ASM activation and consequent increase in ceramide production can be 4 ZHANG ET AL.
blocked by siRNA silencing. In these experiments, CAECs were transfected with vehicle, scrambled small RNA or ASM-siRNA, and stimulated CAECs with 10 ng/mL FasL for 15 min, which was based on our previous studies (12, 42, 44) . It was found that ASM-siRNA transfection significantly C-choline for measurement of ASM activity. (B) Representative autoradiograph of phospholipids fractionated by TLC after DG kinase assay. The bands represented ceramide-1-phosphate (Cer-1-P), which were from sample ceramide, and C6-cermaide-1-P (C6-Cer-1-P) from internal standard, respectively. (C) Summarized data showing quantitative changes in ceramide levels in ECs. The Cer-1-P and C6-Cer-1-P bands were scraped, and the radioactivity was counted using a liquid scintillation counter. Cer-1-P level was normalized to C6-Cer-1-P. *p < 0.05 vs. control (n = 6).
FIG. 1. Silencing of ASM in
AQ12. Figure 1 : Please describe (B).
decreased basal ASM activity by 51% and completely abolished FasL stimulated ASM activation ( Fig. 2A) . Figure 2B presents a typical TLC autoradiogram showing ceramide levels measured as ceramide-1-P in CAECs under control condition and after incubation with FasL. Ceramide consists of a long-chain or sphingoid base linked to a fatty acid via an amide bond. Most natural ceramides have a long acyl chain typically with 16-24 carbon atoms. As shown, the upper two bands indicate the ceramide mixtures and the lower band stands for the internal control, C 6 -ceramide. After normalized to internal control, C 6 -ceramide, the basal ceramide concentrations in vehicle, scrambled small RNA, and ASMsiRNA transfected CAECs were 5.2 ± 0.2, 4.8 ± 0.5, and 4.2 ± 0.8 (in nmol/mg protein), respectively. FasL led to a 40% and 48% increase in ceramide levels in vehicle and scrambled small RNA treated CAECs. However, this increase in the ceramide level was not observed in ASM-siRNA tranfected cells (Fig. 2C) .
In parallel, gene silencing of NSM by siRNA was also performed. It was found that NSM-siRNA had no effect on
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FasL-induced ASM activity and ceramide production (data not shown).
Effects of ASM gene silencing on FasL-induced LR clustering in the membrane of CAECs
To examine whether ASM-ceramide signaling is involved in the LR clustering and formation of redox signaling platform, CAECs were treated with siRNA, stained with FITC-CTX, and the distribution of FITC-CTX labeled LR patches was visualized on the cell membrane. As shown in Figure 3A , in scrambled small RNA transfected CAECs, LRs were evenly spread throughout the cell membrane under control condition as indicated by weak diffused green FITC fluorescence (Scramble). Upon stimulation with FasL, these endothelial LRs formed multiple patches on the cell membrane as displayed by large and intense green fluorescence patches (Scramble+FasL). However, the FasL-stimulated increase in green fluorescence patches was not observed in ASM-siRNA treated cells. Figure 3B •-production using DHE fluorescence assay in LR fractions (collect fractions 3 to 5). *p < 0.05 vs. control; #p < 0.05 vs. FasL (n = 6). membranes by counting these LR patches. In scrambled small RNA treated CAECs, there were 24% of the cells displayed with intense LR clusters under resting condition, while 73% of the cells showed clustering of LR after stimulation with FasL. Treatment of CAECs with ASM-siRNA prevented LRclustering and FasL only increased the number of cells with intense LR clusters from 25% to 32%.
Effects of ASM gene silencing on FasL-induced Fas aggregation in isolated LR fractions in CAECs
As shown in Figure 3C , Western blot analysis showed that the fractions 3-5 are the only fractions immunoreactive to flotillin-1, which is a specific marker for LRs. Therefore, these three fractions were designated as LR-enriched fractions. Furthermore, Fas, a 45 kDa protein, could be detected in most of the membrane fractions isolated from CAECs treated with scrambled small RNA under control condition. When these cells were treated by FasL, there was a marked increase in Fas protein amount in LR-enriched fractions. However, this increase was significantly reduced by ASM-siRNA silencing. The percent change of Fas protein in LR-enriched fractions is summarized in Figure 3D . Figure 4A presents typical blots and summarized data showing the distribution of gp91 phox and p47 phox in isolated LR-enriched fractions from CAECs. In the cells treated with scrambled small RNA (control), FasL increased the amount of gp91 phox protein present in LR-enriched fractions by 68%, which was completely blocked by ASM-siRNA. Meanwhile, FasL induced a three-fold increase of p47 phox , a cytosolic subunit of NAD(P)H oxidase, in LR-enriched fractions of cells, whereas ASM-siRNA treatment markedly attenuated FasLinduced recruitment of p47 phox to the membrane. We also analyzed NAD(P)H oxidase activity by measurement of O 2 -• production using ESR. As shown in Figure 4B , we found that FasL significantly increased O 2 -• in CAECs by 79%, which could not be observed in ASM-siRNA transfected CAECs. Next, we analyzed NAD(P)H oxidase activity as an indicator for NADPH-dependent O 2 -• production in isolated LR-enriched fractions by fluorescent spectrometry using DHE as indicator for NADPH-dependent O 2 -• production. As summarized in Figure 4C , FasL (10 ng/ml) doubled membrane NAD(P)H oxidase activity in isolated LR-enriched fractions, which was abolished in ASM-siRNA treated cells.
Role of ASM-mediated formation of LR platforms in recruitment of NAD(P)H oxidase subunits and activation of this enzyme in CAECs
Effects of SOD on FasL-induced ASM activity and LR clustering
Recent studies has shown that O 2
•-or other ROS can alter ceramide level in cells through their action on SMs. It is interesting to know whether ROS derived from ASM/ceramide triggered LR redox signaling platforms can feedback regulate the ASM activity. Therefore, we examined the effect of SOD on FasL-stimulated ASM activation and consequent LR clustering. It was found that FasL-induced ASM activity was abolished by SOD (150 units/ml) (Fig. 5 ) and the enhanced LR clustering by FasL was not observed in CAECs pretreated with SOD (Fig. 6) . Therefore, we suggested that FasL-induced O 2
•-may be involved in this regulatory mechanism.
Effects of O 2 -• production induced by xanthine/xanthine oxidase (X/XO) on ASM activity
To further confirm whether enhanced ROS in LR redox signaling platforms can act on ASM to increase its activity, CAECs were incubated with an exogenous O 2
•-generating system, xanthine/xanthine oxidase (X/XO, 40 M/0.1 mU/ml) for 15 min and then ASM activity was examined. As shown in Figure 7A , both X/XO and X/XO + FasL significantly increased ASM activity, and this enhanced ASM activity was abolished by SOD. Combined with the results from Figure 5 , it seems that FasL and X/XO shares a similar mechanism to increase ASM activity and O 2 -• is involved in this regulatory mechanism. 
Effects of xanthine/xanthine oxidase (X/XO) on LR clustering
As shown in Figure 7B , it was found that X/XO dramatically increased LR clustering in the membrane of CAECs as FasL did. More interestingly, co-treatment of the cells with FasL and X/XO enhanced the formation of green fluorescence CTXlabeled patches (LR clustering) in comparison with X/XO or FasL treatment alone. However, the enhanced LR clustering was not observed in CAECs pretreated with SOD. Figure 7B summarized the effects of X/XO or X/XO + FasL on the LR clustering in cell membranes by counting these LR patches with or without SOD treatment. Positive cells with patch formation during incubation with FasL were significantly increased in the presence of X/XO, which could be blocked by SOD. It is clear that O 2
•-is involved in FasL-induced LR clustering.
DISCUSSION
In the present study, we examined the role of ASM-ceramide pathway and its redox amplification in mediating FasL-induced formation of LR redox signaling platforms in the endothelial 8 ZHANG ET AL.
cell membrane. By using siRNA to knock down ASM gene, we successfully inhibited the expression of this enzyme and attenuated FasL-induced activation of ASM and release of ceramide in CAECs. Furthermore, ASM gene silencing blocked FasL-induced formation of LR clustering and aggregation of NAD(P)H oxidase subunits in these LR clusters of CAECs. This formation of LR redox signaling platforms enhances O 2 •-production from endothelial cells in response to FasL stimulation. Finally, we found that X/XO increased ASM activity and consequent LR clustering, which were blocked by SOD. All these together indicate that there is a redox signaling network in coronary arterial endothelial cell that can be initiated by ASM and enhanced by redox feedforwarding regulation.
Previous studies have demonstrated that ASM-deficient cells isolated from Niemann-Pick disease Type (NPDA) patients with an inborn defect of ASM or from ASM knockout mice were resistant to Fas or TNF initiated apoptosis (8, 24, 25, 28) . Our laboratories have recently shown that FasL activates ASM, but not NSM, and thereby increases ceramide levels in CAECs (42) . We recently found that FasL induced a LR clustering with aggregation of NAD(P)H oxidase subunits, forming a LR redox signaling platform and causing endothelial dysfunction (44) . To further study the role of ASM in the formation of LR redox signaling platform and subsequent endothelial function, the present study used RNA interference to knockdown ASM and NSM genes, two major forms of SM in CAECs. This RNA interference approach is considered as a more specific and powerful methodology than traditional pharmacological interventions, which may more definitively define the role of this lipid signaling pathway in the regulation of endothelial function. It was found that FasL induced increase in ASM activity rather than NSM activity and that this FasL-induced ceramide production was abolished in ASM-siRNA transfected cells. However, NSM-silencing had no effects on FasL-induced ceramide production. These results strongly support a view that FasL stimulates endogenous ceramide production via activation of ASM in CAECs. It should be noted that the basal ceramide level was not significantly decreased by ASM-siRNA, which may be due to a compensation response by de novo ceramide synthesis or downregulation of ceramidase-mediated degradation of ceramide during a relatively long time period. These results also indicate that gene
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silencing using siRNA strategy is particularly suitable for studies on acute response of ASM to stimuli such as FasL. Using this RNA interference strategy, we determined the importance of ASM in mediating or modulating the formation of LR signaling platforms in coronary endothelial cells. It was found that FasL-induced LR clustering was abolished in the cell membrane of ASM gene-silenced CAECs, but not altered in NSM gene-slienced CAECs, suggesting that it is ASM product, ceramide which may contribute to the formation of LR platforms in these endothelial cells, which is consistent with previous studies showing that ceramide was capable of triggering the fusion of LRs into larger platforms in the membrane of different cell types (12, 13, 15, 36) . It has been reported that clustering of receptors in LRderived platforms upon stimulation is a common mechanism for initiation of transmembrane signaling. Clustering or recruitments of various receptors during LR clustering importantly participate in the regulation of a variety of cell functions (15, 34) . For example, clustering of Fas has been found in lymphocytes, liver cells, and endothelial cells, which is the prerequisite for signal transduction of death receptors and apoptosis (15, 16) . In addition, this ceramide-enriched membrane platform has been shown to be involved in clustering of other receptors such as CD20, CD40, tumor necrosis factor receptor (TNFR), and epidermal growth factor receptor (EGFR) (4, 13, 20) . In the present study, we found that Fas protein levels in LR fractions in ECs treated with FasL was markedly increased, which could be substantially blocked by ASM gene silencing. These results indicate that FasL induced LR clustering associated with ASM activation in endothelial cells also leads to aggregation or recruitment of related receptor such as Fas. This ceramide-mediated aggregation of Fas in LR platforms may be associated with the preference of these receptors in ceramide-enriched LRs and the interaction of LRs with Fas (19, 29, 37) .
It is well known that NAD(P)H oxidase-mediated redox signaling importantly contributes to the regulation of endothelial function and cellular activities in many other mammalian cells (7, 21, 32, 35) . Activation of this redox signaling enzyme is dependent on the assembly of its subunits when cells are stimulated by different challenges. However, so far it remains unknown how these NAD(P)H oxidase subunits are assembled or aggregated in response to the activation of death receptors. In recent studies, we and others reported that the formation of LR-derived platforms is linked to NAD(P)H oxidase activation in response to FasL, endostatin, and vascular endothelial growth factor (VEGF) (39, 44) . Therefore, this LR platform formation may represent one of the important mechanism mediating NAD(P)H oxidase assembling and activation in endothelial cells. The present study further explored the mechanism by which this LR related activation of NAD(P)H oxidase occurs and produces functional alterations with a focus on the role of ceramide-enriched microdomains. It was found that in ASM-siRNA transfected CAECs the levels of gp91 phox and p47 phox clustered in LR microdomains were substantially decreased accompanied by significantly decreased NAD(P)H oxidase activity compared to the cells transfected with scrambled RNA controls . It is suggested that aggregation of NAD(P)H oxidase subunits such as gp91 phox and p47 phox in the LR clusters are associated with ASM-mediated ceramide production. These results provide evidence that ASM-ceramide signaling pathway is involved in the redox regulation of endothelial function via activation of NAD(P)H oxidase clustered in the LR platforms. Recently, it has been reported that ROS and nitric oxide synthases (NOS) are involved in sphingolipid metabolism (38) . On the other hand, sphingolipids including ceramide, sphingosine, and sphingosine-1-phosphate are able to regulate cellular redox homeostasis through regulation of NADPH oxidase, mitochondrial integrity, NOS and antioxidant enzymes (11, 38, 41, 45) . Therefore, it is interesting to know whether ROS derived from ASM/ceramide triggered LR redox signaling platforms can feedback regulate the ASM activity or ceramide production. In the present study, we did show that SOD decreased, but X/XO, an exogenous O 2
•-generating system increased ASM activity and LR clustering in the membrane of CAECs. Furthermore, co-treatment of these cells with FasL and X/XO produce additive effect on ASM activity and LR clustering, which was blockable by SOD. It is 10 ZHANG ET AL.
suggested that a redox regulation of ASM in LR redox signaling platforms occurs and in this way ASM activation is increased, whereby ceramide is produced more and more, resulting in amplification of this LR induced redox signaling. This study did not attempted to address how ROS stimulates ASM activity and lead to ceramide production since there are some reports indicating that oxidants may dimerize ASM and thereby enhance its activity (5, 31) . In this regard, Qiu et al. reported that the formation of ASM dimer due to modification of the free C-terminal cysteine by oxidants significantly enhanced the activity of this enzyme. A "cysteine switch" activation mechanism is proposed by this research group to interpret the enhancement of ASM activity by oxidants. It is assumed that the free C-terminal cysteine involved zinc coordination of the active size may be destroyed due to loss of free cysteine. In fact, the dimerization of enzyme molecules induced by ROS is now considered as one of the important mechanisms mediating the effect of ROS on cellular enzyme activity (3, 9, 43) . In addition to the action of this protein modification, there is evidence that SM peroxidation could also promote the formation of large rafts in bilayer vesicle experiments (2). Moreover, ROS-induced activation of certain regulatory enzymes may also contribute to this feedforwarding amplification of LR platform formation. For example, Src kinases have been reported to be activated by ROS and then move into LR clusters. Activated Src may cause transphosphorylation, resulting in activation of related enzymes in LR clusters and thereby producing a feedforward regulation in the formation of LR signaling platforms (30) . In summary, the present study demonstrated that FasLinduced activation of ASM and production of ceramide result in the formation of LR-derived signaling platforms, which could be blocked by silencing ASM gene in CAECs. Aggregation or recruitment of NAD(P)H oxidase subunits in these LR platforms constitutes a redox signaling complex, which produce O 2
•-. Through a feedforwarding mechanism, O 2 •-and corresponding ROS in the LR redox signaling platforms may enhance ASM activity and promote further formation of LRs clusters. Therefore, ASM and O 2
•-interactions constitute a redox signaling network via LR clustering to conduct signal transduction and thereby mediate the actions of death receptor activation in coronary endothelial cells.
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